cm/W and (1.1 ± 0.5) × 10 −11 cm 2 /W, respectively, which are considerably greater than those of other optical materials. This large optical nonlinearity is ascribed to (a) homogeneously deposited thin nanotube film on optically transparent barium fluoride, 
The unique one-dimensional quantum confinement of single walled carbon nanotubes (SWNTs) motivates scientists to study their optical, magnetic, and magneto-optical properties. Very recently, intensive studies on the nonlinear optical properties of SWNTs have been carried out theoretically 1 and experimentally. [2] [3] [4] It is believed that SWNTs can be used in the fabrication of optical limiting and switching devices due to their nonlinear optical properties upon absorption [4] [5] [6] and its fast decay time of less than 1 picoseconds. 2, [7] [8] [9] These nonlinear properties are related to the third-order nonlinear susceptibility χ (3) , which is considered to be a complex quantity: 
The imaginary part is related to the nonlinear absorption coefficient β through 
and the real part is expressed in terms of the nonlinear refractive index n 2 through 
where n 0 is the linear refractive index, ε 0 the dielectric permittivity of free space, c the speed of light in vacuum, and ω the laser radiation frequency.
Unfortunately, previously published studies about nonlinear optical properties of carbon nanotubes have been carried out in solution 11 or on poorly dispersed nanotube films and composite. 2 The use of nanotube suspensions results in poorly resolved data, because a large background signal inevitably exists and an inhomogeneously deposited film and dispersed composite make the absorption and reflection measurements in the same sample difficult. These drawbacks could lead to a misunderstanding of the intrinsic optical properties of SWNTs.
In the present study, well-dispersed homogeneous nanotube films exhibiting an optimized thickness were prepared by spraying nanotube solution on optically transparent substrates. We measured both the nonlinear transmission and reflection characteristics of the same sample using the Z-scan technique. The Z-scan method has great advantages because of its simplicity as well as high sensitivity, by which one can 2 investigate nonlinear absorption and nonlinear refraction separately. The result of the transmission Z-scan measurement is shown in Fig. 3 (a) , where black circles indicate experimental data and solid line is the best-fitted curve described below.
The Z-scan signal exhibits a maximum of transmittance at the focal point (z = 0), with a symmetrical shape. We did not observe any changes in the Z scan trace during the The reflection Z-scan data is presented in Fig. 3 (b) , where the solid line refers to the theoretically fitted curve using the following equation: 
) are greater than those of SWNT/Triton X100 suspension 11 and SWNT/polyvinyl alcohol composite, 2 but are somewhat smaller than those of SWNT film 7, 17 and SWNT/SDS suspension 18 .
One reason for these discrepancies might be connected to the fact that many experimental parameters are needed to evaluate the values of β and n 2 .
In order to differentiate the nonlinear optical properties of our SWNT film, we summarize the nonlinear optical parameters of various optical materials in the lower 5 part of Table 1 . The β value of our SWNT thin film is about two orders of magnitude greater than those of CaF 2 and BaF 2 crystals, 19 which have been widely used as optical windows and achromatic lenses. Our value of β is also large compared with those obtained for multi-walled carbon nanotube (MWNT) films, 6 silicon nanocrystals, 12 and
CdS thin films, 20 except for C 60 films 5 . Furthermore, the present n 2 value displays about two orders of magnitude greater than that of MWNT films. In other words, the third-order nonlinear susceptibility χ 
, as in the case of C 60 thin films 5 .
In 
